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ABSTRACT 




Tunnel -diode a can be utilized as super-sensitive video ae- 
tectors when biased in their negative resistance region such 
that they amplify the RF signal to be detected. Tangential 
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sensitivities on the order of -70 dbm at a 10- me video bandwidth 


are readily obtained at C-band. Such sensitivity makes this de- 
tector competitive with superheterodyne receivers which require 
a local oscillator, mixer, and IF amplifier. An approximate 
equation has been derived for calculating the tangential sensi- 
tivity of tunnel diode video detectors on the basis of their 
equivalent circuit constants and the voltage-current charac- 
teristic. Calculated performance curves of tangential sensi- 
tivity vs. RF bandwidth are compared against measured data for 
the case of a single-tuned RF passband shape. The conditions 
covered include RF load variation, temperature variation, and 
frequency variation. For a given tangential sensitivity, the 
bandwidth will depend upon the type of passband response that is 
designed into the RF input circuit, and a comparison is shown 
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SUMMARY 

An approximate expression may be derived for calculating the tan- 
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gential sensitivity of tunnel diode video detectors * * , utilizing 
their equivalent circuit constants and the static V-I characteristics. 
Referring to Fig. 1, the voltage p, across the diode junction may be 
approximated by the expression, 


V m - (Rg + Rg + jwL)J , 

where Z is the usual series circuit impedance. 
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Referring to Fig. 2, the non-linear segment of the curve between Vp 
and the operating bias point, may be approximated by a square-law 
relationship, 

(I - I„> ~ (V 1 V P )2 if V < V < Vi , (3) 

P 2R d v o 

i*ere R^ is the resistance of the diode (*^/dl) at the bias point, 
and V q = V b - V . From equations (1) and (3), one can show that the 
rectified current, I r , is approximated by the expression, 
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The tangential sensitivity condition occurs when the rectified current 
exceeds the ims video noise current by a factor of about 2.8, or 
roughly 9 db. If we insert this condition and convert E g into available 
incident RF power, P t , then we find that P t is equal to, 

», _ *n Vq 1 } + ■ | Z | 2 , (5) 

where the video noise current, may fce approximated by 

l n * » 2eIjjB n + .jEP-S (6) 

R v 

a ■ 1,6*10*^ coulombs 
Ijj « dc bias current in amperes 
B n * video noise bandwidth 
«v ■ video circuit resistance 
4KT » 1 . 6 * 1 Q ”20 w ^tts per cycle. 

Thus, equation (5) permits the calculation of tangential sensitivity 
for any diode whose equivalent Circuit constants are known. 

When comparing the tangential sensitivities of various diodes or 
detector mounts, the mosf practical variable to use is the RF bandwidth 
of the detector. Because of this, it is desirable to make performance 
graphs of tangential sensitivity VS. RF bandwidth. Equation (5) can be 
used for this purpose as ft stands, but it becomes much more convenient 
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to use after being manipulated for particular bandpass shapes. If we 
manipulate (5) for the case of a single-tuned bandpass shape, then we 
can obtain the following expressions for RF bandwidth and tangential 
sensitivity at resonance: 



■t " 1 ' 4 Vo (£)[&$ + ] 
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“d -f D « 



. ( gd/ 0 

■rVfc) 


1 + (WpCR^ 2 


Here, the variable cr represents the RF loading normalized to the series 
loss resistance R_; and the variable represents the RF negative resis- 
tance of the diode, also normalized to R g . Note .,.t takes the sign of 
R^j and is therefore negative, and that approaches unity as the resonant 
frequency f Q approaches the resistive cut-off frequency f ro » 


Several graphs have 
diode, the MS1012, 
V 0 « 0.03 volts, I b 
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been calculated from these expressions for a particular 
for which R^ = -370 ohms, R g m 5.4 ohms, C * 0.5 ?£, 

■» 0.250 ma, Ry = 230 ohms, and B n * 10 me. 


Figure 3 shows a comparison of the calculated and measured tan- 
gential sensitivity under the condition of variable RF loading 
.(variable a) , at a single -resonance frequency of 5.9 Gc. It will be 
noted that the two curves are quite similar in shape, but that a 5 db 
discrepancy exists between calculated and measured P t values. 

Figure 4 shows a comparison of the calculated and measured curves 
under the condition of temperature variation. For the calculated curve 
it was assumed that R^ drifts at the rate of 0.4 percent per degree 
centigrade. It will be noted that the temperature drift is considerable 
when the detector is adjusted for narrow bandwidths, so that one must 
employ either temperature regulation or temperature compensation tech- 
niques if high-sensitivity operation is desired. 

Figure 5 is a comprehensive detection graph on which are drawn two 
families of curves. The solid-line curves are for constant frequency 
) and variable RF loading (0), and they demonstrate the desira- 
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bility of operating well below f rQ . Detection sensitivity falls off 
very rapidly at narrow bandwidths when fro is exceeded. The dashed - 
line curves are for constant o and variable frequency, and they demon- 
strate the desirability of operating at a high value of Rg. Detection 
sensitivity suffers when Rg becomes significantly smaller than Rg 
because the loss of power in R g increases as Rg decreases. 
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The single-tuned bandpass shape performance exemplified in 
Figures 3, 4, and 5 results in the least amount of bandwidth for 
a given tangential sensitivity. It is possible to increase this 
bandwidth by applying elementary filter design principles in the RF 
input circuit so as to realize a more optimum bandpass shape. For 
instance. Figure 6 illustrates the improvement that was obtained 
by utilizing a double-timed bandpass characteristic. 
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FIGURES 
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Fig. 1 - Equivalent circuit of tunnel-diode detector referenced to 
the diode junction. 

Fig. 2 - Voltage-Current characteristic 

Fig. 3 - Comparison of calculated and measured performance for 
single -tuned MS 10 12 diode with RF loading varied. 

Frequency 5.9 Gc. 

Fig* 4 - Comparison of calculated and measured performance for 
single-tuned MS1012 diode with temperature varied. 
Frequency 5.9 Gc. 

Fig. 5 - Comprehensive calculated detection performance for the 
single-tuned MS1012 diode. 

Fig. 6 - Comparison of measured performance for the MS1202 diode 

for two passband shapes, a single-tuned and a double-tuned. 
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